Abstract. The aim of this study was to formulate and characterize Eudragit® L100 and Eudragit® L100-poly(lactic-co-glycolic acid) (PLGA) nanoparticles containing diclofenac sodium. Diclofenac generates severe adverse effects with risks of toxicity. Thus, nanoparticles were prepared to reduce these drawbacks in the present study. These nanoparticles were evaluated for surface morphology, particle size and size distribution, percentage drug entrapment, and in vitro drug release in pH 6.8. The prepared nanoparticles were almost spherical in shape, as determined by atomic force microscopy. The nanoparticles with varied size (241-274 nm) and 25.8-62% of entrapment efficiency were obtained. The nanoparticles formulations produced the release profiles with an initial burst effect in which diclofenac sodium release ranged between 38% and 47% within 4 h. The extent of drug release from Eudragit® L100 nanoparticles was up to 92% at 12 h. However, Eudragit®/PLGA nanoparticles showed an initial burst release followed by a slower sustained release. The cumulative release at 72 h was 56%, 69%, and 81% for Eudragit®/PLGA (20:80), Eudragit®/PLGA (30:70) and Eudragit®/PLGA (50:50) nanoparticles, respectively. The release profiles and encapsulation efficiencies depended on the amount of Eudragit in the blend. These data demonstrated the efficacy of these nanoparticles in sustaining the diclofenac sodium release profile.
INTRODUCTION
Controlled release systems (microparticles, nanoparticles, and liposome etc.) are prepared to obtain prolonged or controlled drug delivery, to improve bioavailability and to target drug to specific sites. These systems can also to protect drugs from degradation and reduce the toxicity or side effects (1) . In particular, nanotechnology pertains to synthetic, engineerable objects which are nanoscale in dimensions or have critical functioning nanoscale components, leading to novel, unique properties. These emergent characteristics arise from the material's large surface area and nanoscopic size (2) . Nanoparticle-drug formulation reduces the patient expenses and risks of toxicity. Nanoencapsulation of medicinal drugs (nanomedicines) increases drug efficacy, specificity, tolerability, and therapeutic index of corresponding drugs (3) . An increasing number of nanoparticle-based drug delivery systems have been approved for human use or are currently being evaluated in clinical trials. Nanoparticle systems can be engineered to possess a number of desirable features for therapy, including: (1) sustained and controlled release of drugs locally, (2) deep tissue penetration due to their nanometric size, (3) cellular uptake and sub-cellular trafficking, and (4) protection of cargo therapeutics at both the extracellular and intracellular levels (4) . Nanoparticles often have been investigated for the oral delivery of a wide number of drugs (5) . Oral delivery is the most preferred route of drug administration due to convenience, patient compliance, and cost-effectiveness (6) .
Non-steroidal anti-inflammatory drugs (NSAIDs) are usually good candidates for the development of controlled release preparations, particularly through the oral route. NSAIDs are the world's most widely used class of therapeutic drugs (7) . Members of this class of drugs owe their antiinflammatory and analgesic properties to inhibition of the enzyme cyclooxygenase (COX). However, the use of NSAIDs is also associated with gastrointestinal, and more recently, cardiovascular side effects (7) . The gastrointestinal side effects of NSAIDs appear to be associated with the relative potency of each NSAID for COX-1 over COX-2 such that they are lessened in compounds that are more highly COX-2-selective (7, 8) . Diclofenac, derived from benzeneacetic acid, is more usually found as sodium or potassium salt with potent anti-inflammatory, analgesic, and antipyretic properties (9) .
Several polymers have the characteristics of protecting the drug against the action of the enzymes and gastric fluids, which are in fact very acidic (pH=1-2), and the reduction of gastrointestinal irritation caused by drugs NSAIDs (10, 11) . Therefore, enteric coatings using cellulosic polymers and methacrylic acid co-polymers have been extensively studied, such as Eudragit® L 100, as a pH-dependent polymer, that is soluble in intestinal fluid from pH 6 is widely used for the formulation of oral dosage forms (i.e., coating of tablets, matrix tablet, microspheres, nanoparticles; 12-16). Eudragit® L 100 is anionic copolymerization product of methacrylic acid and methyl methacrylate. The ratio of free carboxyl groups to the ester is approximately 1:1 in Eudragit® L 100 having a mean relative molecular mass of about 135,000 Da and apparent viscosity of 50-200 mPas (17) . Furthermore, poly (lactic-co-glycolic acid) (PLGA) because of its biocompatibility and biodegradability remain the focus of intensive research effort directed to the controlled release and in vivo localization of drugs (18) . PLGA (Resomer® RG 503 H) with the molecular weight of 34,000 Da and inherent viscosity of 0.32-0.44 dl/g has uncapped (free) carboxyl termini (17) . In recent years, engineering approaches have been devised to create novel micro-and nano-particles which provide greater control over the drug release profile and present opportunities for drug targeting at the tissue and cellular levels (18, 19) .
The aim of this study was to develop and characterize diclofenac sodium-loaded Eudragit® L100 and Eudragit®L100/ PLGA nanoparticles in order to obtain a controlled-release system. Nanoparticles were prepared by the nanoprecipitation method and characterized the formulation in terms of morphology, size, drug loading, and release. We also investigated the effect of the ratio of Eudragit®L100/PLGA on particle size, encapsulation efficiency, and drug release.
MATERIALS
Acetone, anhydrous ethanol, polyvinyl alcohol (Mw 30,000-70,000) were purchased from Sigma (USA), PLGA ((50:50) Resomer RG 503H, Mw 34000) from Boehringer Ingelheim (Germany). Diclofenac sodium was received as a gift sample from Deva Holding Inc. (Istanbul, Turkey) and Eudragit® L100 (the average molecular weight is approximately 135,000) was supplied by Rohm GmbH&Co. KG (Darmstadt, Germany). All other chemicals and reagents were of analytical grade.
Preparation of Eudragit® L100
and Eudragit®/PLGA-Diclofenac Sodium Nanoparticles
For encapsulating diclofenac sodium into Eudragit nanoparticles, 100 mg of Eudragit® L 100 was dissolved in anhydrous ethanol. This solution was added into 8 mL of PVA solutions (3% w/v) containing diclofenac sodium in the amber glass vial. The mixture was emulsified using 55% power of ultrasonic probe (Sonoplus, HD 2070; Bandelin, Electronics, Berlin, Germany) for 2 min. Finally, organic phases were evaporated under reduced pressure in a rotary evaporator at 40°C. After evaporation of the solvent, nanoparticles were recovered by centrifugation at 15,000 rpm for 40 min and washed with distilled water. The washing step was repeated once before nanoparticles were resuspended in distilled water and lyophilized overnight. All batches of nanoparticles were produced at least in triplicate (20, 21) .
For preparation of diclofenac sodium-loaded Eudragit®/ PLGA nanoparticles, the mixture of Eudragit®L100-PLGA polymers (50:50, 30:70, 20:80, w/w%) was used for the preparation of nanoparticles. Eudragit® L100 and PLGA were dissolved in anhydrous ethanol and acetone, respectively. Then, the Eudragit solution in ethanol was added slowly to the PLGA solution in acetone (1:3 v/v) with a constant stirring rate of 500 rpm on magnetic stirrer at ambient temperature (13, 20, 21) . Then, the same procedure was used as explained in Eudragit nanoparticles.
Characterization of Nanoparticles

Surface Morphology
The morphological examination of the nanoparticles was performed using atomic force microscopy (AFM; NanoMagnetics Instruments Ltd., UK). The freshly prepared nanoparticles were centrifuged and washed three times with deionized water and later resuspended. A drop of nanoparticle suspension was placed on a glass slide, dried in air, and images were taken (22) .
Particle Size and Zeta Potential
The size (Z-average mean) and zeta potential of the nanoparticles were analyzed by photon correlation spectroscopy and laser doppler anemometry, respectively, in triplicate using a Zetasizer 3000HS (Malvern Instruments, UK). Size and zeta potential measurements were performed in triplicate following a dilution of the nanoparticles suspension in distilled water at 25°C. Each measurement was done in triplicate.
HPLC Analysis
The high-performance liquid chromatography (HPLC)-diode array detection (DAD) system consisted of a Thermoquest Spectra System P 1500 isocratic pump coupled with a Spectra System UV 6000 LP photodiode array detection system, a Spectra System AS 3000 autosampler, a SCM 1000 vacuum membrane degasser, a SN 4000 system controller. An ACE reversed-phase C18 column (250×4.6 mm, pore size: 5 μm) was used. The mobile phase consisted of a mixture of acetonitrile/water (60:40) and the flow rate was 1 mL/min and diclofenac sodium was monitored spectrophotometrically at 280 nm. An injection volume of 10 μl and diclofenac sodium could be detected at a retention time of 2.4 min. Assay performance was evaluated through determination of specificity, recovery, linearity, the limit of quantification (LOQ), the limit of detection (LOD), precision, accuracy as reported in the International Conference on Harmonization guidelines (23) .
Determination of Entrapment Efficiency and Drug Loading of Diclofenac Sodium
To determine the diclofenac sodium content, nanoparticles were dissolved in acetone-ethanol and diclofenac sodium was extracted with phosphate-buffered saline solution (PBS, pH 7.4) and determined by high performance liquid chromatography by a modification of the process previously described (24, 25) . Briefly, 10 mg of each batch of diclofenac sodium-loaded nanoparticles were vortex mixed for 1 min with acetone-ethanol (1:1 v/v). After vortexing, this mixture in the amber glass vial was sonicated in ultrasonic bath for 20 min. Then, 5 mL of PBS was added into this mixture and mixed by vortexing for 10 min to extract diclofenac sodium. The organic solvents were removed by evaporation under vacuum. The aqueous dispersion was centrifuged at 15,000 rpm for 40 min to remove the polymeric residue and the content of diclofenac sodium in the supernatant was determined by HPLC-DAD under conditions similar to that described above. Experiments were performed in triplicate. The percent drug loading (DL) and percent encapsulation efficiency (EE) of the blend nanoparticles were calculated as (26) : % DL ¼ 100 Â weight of drug in nanoparticles=weight of nanoparticles ð Þ % EE ¼ 100 Â actual drug loading=theoretical drug loading ð Þ
In vitro Drug Release Studies
The most commonly used methods for micro/nano particulate systems can be grouped into three broad categories, viz., sample and separate methods (SS), continuous flow, and dialysis. The SS is the most widely used technique. Briefly, drug-loaded micro/nanoparticles are introduced into a vessel containing media and release is assessed over time. Media selection is based on drug solubility and stability over the duration of the release study. Modifications of the basic technique to study drug release include size of container, use of agitation, and sampling methods (27) . In the present study, in vitro drug release studies were carried out using the sample and separate methods.
Since diclofenac is a weak acid (pKa=4), inherently has a negligible solubility in acid and detection of the released drug in acidic solution is not possible (28) . Hence, in vitro release of diclofenac sodium from the formulations was carried out by using pH 6.8 phosphate buffer (PB; 28, 29) . Ten milligrams of nanoparticles were placed in 15 mL of PB at 37°C and 100 rpm in the amber glass vial (30) . At different time intervals, the suspension was centrifuged and 15 mL of the release medium was removed and replaced with the same volume of fresh medium. Drug content in supernatant was analyzed using HPLC-DAD as described above. The experiment was carried out six times.
Statistical Analysis
Results are presented as mean ± standard deviation (SD). Wherever appropriate, differences between groups were evaluated with a Student t test (two groups) at an alpha level of 0.05.
RESULTS AND DISCUSSION
In this study, an RP-HPLC method for the determination of diclofenac sodium was developed and validated. A simple sample preparation, short separation time, and a low LOQ were considered when the study started. The calibration curve for diclofenac sodium was constructed under optimum conditions and the linearity of the method was determined by performing injections at six different concentration levels in the linear range over three different days. The method was linear over the range of 1-250 μg/mL and the calibration curve could be described by the equation (Table I ). The sensitivity of the analytical method was evaluated by determining the LOD and LOQ. The signal-to noise ratios of 3:1 and 10:1 were taken as LOD and LOQ, respectively. The values of LOQ and LOD were 0.75 μg/mL and 0.1 μg/mL, respectively (Table I) . Three different concentrations of standard diclofenac sodium solutions (within the linear range) were analyzed three consecutive days (inter-day precision) and three times within the same day (intraday precision). The values of intra-and inter-day accuracy and precision were given in Table II. The nanoprecipitation method was successful in producing diclofenac sodium-loaded Eudragit® L100 and Eudragit®/ PLGA nanoparticles employing PVA as stabilizer. The particles were imaged by using AFM. AFM also revealed that all nanoparticles were almost spherical in shape (Fig. 1) . The zeta Based on six calibration curves LR linear regression, R coefficient of correlation, y peak-area of diclofenac sodium, x diclofenac sodium concentration (μg ml −1 ). potential values of the nanoparticles of each composition can be observed in Table III . For all the formulations, the nanoparticles exhibited similar low zeta potentials ranging from −1.53±3.1 to 3.47±5.1 mV. The slightly negative charges are attributed to the presence of uncapped end carboxyl groups of the polymer chains at the particle surface. Generally, high negative zeta potential values are expected for pure anionic polymer (PLGA, Eudragit L100, etc.) nanoparticles due to the presence of carboxyl groups on the polymeric chain extremities. However, in this investigation, the zeta potential values are close to zero. The factor which might be responsible for such an effect can be the presence of residual PVA on the nanoparticles surface (31) . This subject has been reported by other authors (32) (33) (34) . The type and concentration of stabilizer affect both particle size and zeta potential of the nanoparticles. Moreover, zeta potential becomes relatively less negative when nanoparticles are formulated using PVA as an emulsifier. This occurs because of coating of emulsifier, thus masking the possible charged groups existing on the particle (32-34). The average mean diameter and polydispersity index of these nanoparticles were determined and listed in Table III . The mean particle size of the nanoparticles prepared using different polymer ratio slightly changed (p<0.05). Figure 2 shows the particle size distribution of the diclofenac sodiumloaded Eudragit® L100 and Eudragit®/PLGA nanoparticles. The particle size distribution range was relatively narrow, with the drug-loaded nanoparticles having particle size range between 241 and 274 nm. Increasing the concentration of the dissolved Eudragit® L100 polymer increased the viscosity of organic phase and reduced the stirring efficiency resulted in the formation of the bigger emulsion droplets (35) . The molecular weight of the polymers is also a critical parameter for drug loading. Higher drug loading was obtained using high molecular weight of polymers (29) . In addition, a higher viscosity of the organic phase causes a better distribution of the drug in the matrix. On the contrary, lowering the viscosity of the organic phase allows drugs to come close to the surface during particles formation and to dissolve in the surrounding aqueous medium, resulting in lower drug content (35) . The amount of drug in the nanoparticles was determined using HPLC-DAD and the entrapment efficiency percentages, shown in Table III , varied between 25.82% and 62% for all formulations prepared. The entrapment efficiency was affected by the amount and molecular weight of Eudragit® L100 in the blend.
In this study, Fig. 3 shows in vitro release of diclofenac sodium from Eudragit®L100 nanoparticles and Eudragit®/ PLGA nanoparticles of different compositions of Eudragit®L100 and PLGA in pH 6.8 buffer solutions. The pattern of drug release depends on various factors, such as initial drug loading ratio, polymer concentration, the specific properties of the network of polymer chains (e.g., the chain length, their flexibility, and mobility, their water uptake and swelling behavior) or potential interactions between polymer and drug. Generally, fast drug release is attributed to more water uptake, swelling ratio, and/or polymer degradation (36, 37) . All formulations showed initial burst release of diclofenac sodium. The nanoparticles formulations produced the release profiles with an initial burst effect in which diclofenac sodium release ranged between 38% and 47% within 4 h. This fast release was related to diclofenac sodium adsorbed on the nanoparticles surface and/or to the release of the drug encapsulated near to nanoparticles surface (38) . Probably, a higher surface adsorption of the drug was observed for nanoparticles showed the better entrapment efficiency (38) . In addition to this explanation, in a previous study, sodium diclofenac-loaded microspheres were prepared by using three low-molecular weight polyesters, (PLGA, poly(L-lactic acid) (PLA), and poly(δ-valerolactone) (PV)) by Lin et al. (39) who indicated that, the first-order release rate was also found in all the microspheres after an initial drug burst and ranked in the order of PLGA>PLA>PV microspheres.
In the present study, statistically significant difference was observed using Student's t test among all formulations (Fig. 3) . It was confirmed due to fact that P value is <0.05. The nanoparticles prepared using Eudragit®L100 released 92% of the drug content within 12 h. However, the release of diclofenac sodium from Eudragit®/PLGA nanoparticles showed a biphasic pattern. Following this initial phase, the release of diclofenac sodium was slow. The cumulative release at 72 h was 56%, 69%, and 81% for Eudragit®/PLGA (20:80), Eudragit®/PLGA (30:70) and Eudragit®/PLGA (50:50) nanoparticles, respectively. In this case, increasing the amount of Eudragit® L100 resulted in an increase in the diclofenac sodium released, because, Eudragit® L100 has a pH-dependent solubility and its swelling and erosion increase as the pH increases. Acrylic polymers such as Eudragit® L100 and Eudragit® L100-55 are commonly used for coating of tablets and preparation of matrix tablets, controlledrelease formulations. These polymers can dissolve rapidly upon deprotonation of carboxylic acid groups at specific pH values. Thereby, the release profiles of these nanoparticles exhibit significant pH-sensitivity (40). Dai et al. (40) described that cyclosporine A-loaded pH sensitive nanoparticles using Eudragit® L 100, Eudragit® S 100 and Eudragit® L100-55.
They reported that the nanoparticles exhibited perfect pHdependent release profiles (40) . In another study, pHdependent swellable and erodable-buffered matrices made of hydroxypropyl methylcellulose (HPMC) and pHdependent solubility polymer (Eudragit® L100-55) was developed and studied the effect of the microenvironment pH on the release pattern of diclofenac sodium by AlTaani and Tashtoush (41) . It has been reported that the swelling and erosion occurred simultaneously from matrices made up of HPMC and Eudragit L100-55. The increase in matrix erosion and swelling with increase of the pH was due to the increase in ionization of methacrylic acid moiety present in Eudragit L100-55. This created electrostatic repulsion forces between Eudragit polymer chains, which disrupt the matrix and increase both swelling and erosion as the pH increased. The drug release from the matrices was directly related to percentage swelling and percentage erosion (41) . Moreover, Basavaraj et al. (42) prepared Eudragit® S microspheres containing diclofenac sodium and reported that a controlled drug release of 60-84% was obtained over a period of 8 h.
The obtained data in this study indicate that appropriate combinations of Eudragit® L100 (pH dependent) and PLGA might be suitable for adequately controlling diclofenac sodium release and assure more reproducible drug release behavior.
CONCLUSION
Diclofenac sodium-loaded nanoparticles, which have not been reported yet, were prepared easily and successfully by using blends of biodegradable polymer with nonbiodegradable polymer. The encapsulation efficiency and the drug release behavior were influenced by the amount of Eudragit in the blend. The drug release experiments demonstrated the efficacy of these nanoparticles in sustaining the diclofenac sodium release profile. Hence, the nanoparticles showed potential use for controlling the release of NSAIDs.
